We use QCD sum rule approach to calculate the masses of the ground-state ΛQ and Σ 
II. QCD SUM RULES FOR ΛQ AND Σ ( * ) Q
The basic points in the application of QCD sum rules to problems involving heavy baryons are to choose certain suitable interpolating currents in terms of quark fields. The currents for Λ Q and doublet {Σ Q , Σ * Q } are associated with the spin-parity quantum numbers j p = 0 + and j p = 1 + for the light diquark system with antisymmetric and symmetric flavor structure, respectively. Adding the heavy quark to the lightquark system, one obtains j p = 1/2 + for the baryons Λ Q and the pair of degenerate states j p = 1/2 + and j p = 3/2 + for the baryons Σ Q and Σ * Q . Consequently, we need an isospin-0 quark pair for Λ Q and an isospin-1 quark pair for Σ Q , after adding a third quark to form antisymmetric and symmetric flavor structure respectively, which can determine the choice of γ matrices in baryonic currents [10] . For Σ for j p = 1/2 + , and
for j p = 3/2 + . Γ k and Γ ′ k are chosen covariantly as
for Λ Q baryons, and
for Σ ( * ) Q baryons. Here the index T means matrix transposition, C is the charge conjugation matrix, and a, b, c are color indices. The QCD sum rules for Λ Q and Σ ( * ) Q are constructed from the two-point correlation function
Lorentz covariance, parity, and time reversal imply that the two-point correlation function in Eq. (5) has the form
According to the philosophy of QCD sum rules, the correlator is evaluated in two ways. Phenomenologically, the correlator can be expressed as a dispersion integral over a physical spectral function
where M H denotes the mass of the heavy baryon. In the operator product expansion (OPE) side, shortdistance effects are taken care of by Wilson coefficients, while long-distance confinement effects are included as power corrections and parameterized in terms of vacuum expectation values of local operators, the socalled condensates. Hence
We work at leading order in α s and consider condensates up to dimension six. To keep the heavy-quark mass finite, we use the momentum-space expression for the heavy-quark propagator. We follow Refs. [18, 19] and calculate the light-quark part of the correlation function in the coordinate space, which is then Fourier-transformed to the momentum space in D dimension. The resulting light-quark part is combined with the heavy-quark part before it is dimensionally regularized at D = 4. For the heavy-quark propagator with two and three gluons attached we use the momentum-space expressions given in Ref. [22] . With Eq. (8), we can write the correlation function in the OPE side in terms of a dispersion relation
where the spectral density is given by the imaginary part of the correlation function
Equating the two expressions for Π(q 2 ) and assuming quark-hadron duality yield the sum rules, from which masses of the heavy baryons can be determined. After making a Borel transform and transferring the continuum contribution to the OPE side, the sum rules can be written as
To eliminate the baryon coupling constant λ H and extract the resonance mass M H , we first take the derivative of Eq. (11) with respect to 1/M 2 , divide the result by itself and deal with Eq. (12) in the same way to get
where
with ρ pert
BΠ cond
+ qq
for Λ Q baryons,
for Σ Q baryons, and
for Σ * Q baryons. The lower limit of integration is given by Λ = m 2 Q /s.
III. NUMERICAL RESULTS AND DISCUSSIONS
In the numerical analysis of the sum rules obtained above, the input values used for the quark masses and condensates are taken as: m c = 1.25 ± 0.09 GeV, m b = 4.20 ± 0.07 GeV [23] [19] . The proper areas of the thresholds can be determined from the consideration that the stability of the Borel curves should not be sensitive to them. According to the standard criterion in QCD sum rules, the Borel windows are fixed in such a way [15, 19, 24] : on one hand, in comparison with the condensate contributions, the perturbative contribution should be larger, and the lower limit constraint for M 2 in the sum rule windows is obtained; on the other hand, the upper limit constraint is obtained by imposing the restriction that the QCD continuum contribution should be smaller than pole contribution. Giving an illustration, the comparison between pole and continuum contributions from Eq. (12) for √ s 0 = 6.5 GeV for Σ b is shown in Fig. 1(a) , and its OPE convergence by comparing the different contributions is shown in Fig. 1(b) . The analysis for the others has similarly been done, but the corresponding figures are not listed in the paper for conciseness. Accordingly, the thresholds and Borel windows are taken as In Table I , we present our results for the masses of Λ Q and Σ ( * )
Q baryons and a comparison with experimental data and other theoretical approaches. In order to decrease the systematic errors of the sum rules we take the average of the results obtained from sum rules (13) and (14) in the numerical evaluation. The errors reflect the uncertainty due to sum rule windows only; the uncertainty due to the variation of the quark masses and QCD parameters is not included. It is worth noting that the QCD O(α s ) corrections in the perturbative expansion of the OPE have not been included in the sum rule calculations. However, it is expected that the QCD O(α s ) corrections might be under control since a partial cancellation occurs in the ratio obtaining the mass sum rules (13) and (14) . This has been proved to be true in the analysis for the heavy baryons in the HQET [11] and for the heavy mesons in full QCD [22, 25] .
In summary, we have applied the QCD sum rule approach to calculate the masses of the heavy baryons Λ Q and Σ 
